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The Sheer Stress of
Straightening the Curves
Biomechanics of Bioabsorbable Stents*
Michael C. McDaniel, MD, Habib Samady, MD
Atlanta, Georgia
Although the development of drug-eluting stents has been
an important advancement in the treatment of coronary
artery disease, a residual, permanent metallic and polymeric
implant remains imbedded in the coronary vasculature,
prompting concerns of delayed healing, long-term endothe-
lial dysfunction, and very late stent thrombosis. In addition,
interventionalists have worried that straightening very tor-
tuous coronary segments by a metal scaffold can result in
unfavorable biomechanical effects at the stent edges. Indeed,
stent design can significantly impact arterial geometry,
vessel mechanics, and local coronary flow. The ideal stent
should incorporate biomechanical properties of sufficient
radial force to maintain patency, sufficient flexibility to
conform to vessel geometry without overstressing the arte-
rial wall and disturbing coronary flow, adequate drug elution
to inhibit intimal hyperplasia, and stent resorption once the
scaffolding is no longer required.
See page 789
In this issue of JACC: Cardiovascular Interventions,
Gomez-Lara et al. (1) evaluated the conformability of the
everolimus-eluting ABSORB bioabsorbable vascular scaf-
folds (BVS) (Abbott Vascular, Santa Clara, California) by
assessing changes in vessel geometry immediately after BVS
deployment and at follow-up. Specifically, the study de-
scribes the short-term and 6- to 12-month changes in vessel
angulation and curvature with both BVS and the metallic
platform stents (MPS) multilink Vision and Xience V
(Abbott Laboratories, Abbott Park, Illinois). The present
study builds upon their previous investigation in which BVS
were found to be more conformable immediately post-
implantation compared with MPS, better adapting to the
*Editorials published in JACC: Cardiovascular Interventions reflect the views of the
uthors and do not necessarily represent the views of JACC: Cardiovascular Interven-
ions or the American College of Cardiology.
From the Department of Medicine, Division of Cardiology, Emory University,
tlanta Georgia. Dr. McDaniel has reported that he has no relationships to disclose.
r. Samady has received research grants from St. Jude Medical and Volcano
orporation. Eric Bates, MD, served as a Guest Editor for this paper.vessel geometry (2). In the current study, the authors
investigated whether the resorption of the BVS scaffold
allows for restoration of the original artery geometry during
follow-up.
The authors confirmed their previous work, that imme-
diately post-implantation, the BVS platform resulted in less
change in vessel curvature (15.3% vs. 21.9%, p  0.11) and
angulation (17.4% vs. 31.8%, p  0.02) compared with
MPS. Additionally, from post-implantation to follow-up,
they observed greater increase in vessel curvature (8.4%
vs. 1.9%, p  0.01) and angulation (11.3% vs. 3.8%,
p  0.01), tending to restore original geometry with the
BVS platform compared with MPS. The authors proposed
that the restoration of original vessel geometry with BVS is
related to resorption of the stent scaffolding (1). They also
report relationships between pre-implantation curvature and
angulation, and occurrence of target lesion revascularization
in patients treated with MPS, perhaps related to greater
vessel straightening.
The benefit of increased stent conformability may relate
to improved coronary wall shear stress (WSS). Indeed,
experimental (3) and clinical studies have demonstrated that
low WSS promotes atherosclerosis and plaque progression
in native arteries (4,5) and greater intimal hyperplasia after
stent deployment (6,7). Because vascular geometry is the
most important determinant of local WSS, increased con-
formability of the BVS platform may result in physiological
WSS at the stent edges (Fig. 1). Metallic stents deployed in
curved porcine coronary arteries were noted to cause vessel
straightening in the stented segment and increased curva-
ture at the stent edges (8). These geometric changes resulted
in significant alterations in WSS, increasing peak and
lowering minimum WSS values at these edges and reducing
mean WSS in the in-stent segment. Indeed, computation
fluid dynamic simulations suggest that abrupt changes in
mechanical properties at the metallic stent edges create sites
of pressure wave reflections and large-scale flow distur-
bances, which are largely eliminated by more compliant
stents (9–11). In addition, IVUS studies have shown that
stent deployment in angulated vessels is associated with
greater plaque prolapse, which could also promote disturbed
flow (12). Theoretically, more compliant BVS would reduce
plaque prolapse, resulting in more laminar flow.
Stent conformability impacts not only flow, but also the
local solid mechanical environment of the arterial wall. The
outward forces of stents exert a large nonphysiological stress
on the arterial wall, especially in curved segments with vessel
straightening (11). In a porcine iliac computational model,
areas of high circumferential stress correlated with greater
neointimal hyperplasia (13). Other studies have suggested
that abrupt changes in mechanical properties at stent edges can
induce zones of increased stress concentration and high stress
gradients, which are reduced by more conformable stents with
smoother transitions in compliance at the edges (11,14).
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801Regardless of which mechanisms predominant, clinical
studies suggest marked straightening of curved vessels after
stent deployment may be associated with increased resteno-
sis (15). Stent edges undergo greatest change in both the
solid and fluid mechanical environment, and are associated
with higher rates of neointimal hyperplasia (16). Interest-
ingly, in the current paper by Gomez-Lara et al. (1), vessels
treated with MPS requiring target lesion revascularization
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Figure 1. The Theoretical Changes in Biomechanics With
Stent Deployment With Both MPS and BVS
Curved vessels undergo straightening with MPS, resulting in disturbed ﬂow
and higher circumferential outward stress at stent edges (red arrows) and
greater plaque prolapse at the lesion. Stent deployment with the more
conformable BVS results in more laminar ﬂow and lower outward stress
(white arrows). With scaffolding resorption, the original geometry is
restored, resulting in improvement in biomechanics. This image was cre-
ated by Saurabh S. Dhawan, MD. BVS  bioabsorbable vascular scaffold;
MPS  metallic platform stent.tended to be more curved and angulated at baseline. Thisrelationship was not noted with BVS, perhaps due to
improved conformability. Although the study cohort was
underpowered for clinical outcomes, together these studies
suggest that lack of stent conformability may be associated with
increased rates of restenosis.
Several limitations to the current study should be noted.
First, this study was of limited size, with nonrandomized
comparisons between MPS and BVS. Second, the MPS
arm combined a bare metal stent (multilink Vision) and a
drug-eluting stent (Xience V), and BVS had different time
points for follow-up, complicating accurate outcome com-
parisons. Third, the analysis of complex 3-dimensional
coronary geometry was limited to 2-dimensional angiogra-
phy. Fourth, the effects of stent conformability on restenosis
remain speculative and needs to be investigated by both
mechanistic biomechanical studies and larger clinical trials.
Finally, as the authors point out, restoration of the original
geometry could re-establish the original WSS conditions
that promoted de novo atherosclerosis formation.
In conclusion, the present study shows that the ABSORB
BVS tend to induce less change in vessel geometry imme-
diately after stent deployment and to restore the original
vessel architecture at follow-up. This improved conform-
ability may result in reduced restenosis, but further studies
are warranted. Through the continued collaboration be-
tween interventionalists, biomechanical engineers, and
polymer chemists, next-generation stent designs will con-
tinue to evolve, resulting to better outcomes for patients
with coronary artery disease.
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